We have used the images from the ACS on HST in Hα, and in the neighboring continuum, to produce flux calibrated images of the large spiral galaxy M51, and the dwarf irregular NGC 4449. From these images we have derived the absolute luminosities in Hα, the areas, and the positions with respect to the galactic centers as reference points, of over 2600 Hii regions in M51 and over 270 Hii regions in NGC 4449. Using this database we have derived luminosity (L)-volume (V) relations for the regions in the two galaxies, showing that within the error limits these obey the equation L ∼ V 2/3 , which differs from the linear relation expected for regions of constant uniform electron density. We discuss briefly possible models which would give rise to this behavior, notably models with strong density inhomogeneities within the regions. Plotting the luminosity functions for the two galaxies we find a break in the slope for M51 at log(L) = 38.5 dex (units in erg s −1 ) for M51 in good agreement with the previous ground-based study by Rand, and above this luminosity NGC 4449 also shows a sharp decline in its luminosity function, although the number of regions is too small to plot the function well at higher luminosities. The cumulative diameter distribution for the Hii regions of M51 shows dual behaviour, with a break at a radius close to 100 pc, the radius of regions with the break luminosity. Here too we indicate the possible physical implications.
Introduction
There is a well grounded tradition of studying populations of Hii regions in spiral and irregular galaxies, which goes back to the work of Hodge, Kennicutt, and their collaborators (Kennicutt & Hodge 1980; Hodge, Lee, & Kennicutt 1989; Kennicutt et al. 1989) . It has become customary to measure their Hα luminosities and their radii, and prepare systematic catalogs. As tech-niques have improved and the precision of the measurements has increased the scope of the measurements has been gradually extended. The methods for discriminating an Hii region from its diffuse surrounding emission have been improved, and the luminosity functions have been extended to lower limiting values. Although the ultimate aim should be to improve our understanding of the star formation process and the interaction of, notably massive, stars with the ISM, working on the improvement of the intrinsic data base is an objective intrinsically worth pursuing. Considerable worthwhile ground based data have been reported (a representative but in no way comprehensive list of references is: Rand (1992) ; Knapen et al. (1993) ; Rozas et al. (1996 Rozas et al. ( , 1999 Rozas et al. ( , 2000 ; González-Delgado & Pérez (1997) ; Feinstein (1997) ; Youngblood & Hunter (1999) ; MacKenty et al. (2000) ; Thilker et al. (2002) ; Buckalew & Kobulnicky (2006) ; Hakobyan et al. (2008) ) and, in the case of M33, Cardwell et al. (2000) presented a list of over 9,000 detected regions in a single galaxy, but it is clearly of interest to analyze data of the quality and angular resolution provided by HST for this purpose. However relatively little work has been presented of this type, because the required narrow band filters at arbitrary recession velocities are not included in the optics of the HST instruments. A notable previous study of M51 based on WFPC2 narrow band imaging was presented by Scoville et al. (2001) , and a parallel study of the same galaxy based on NICMOS observations in Paα was published by Alonso-Herrero & Knapen (2001) . In this article we use ACS data for the first time to examine the statistical properties of Hii regions in whole galaxies, presenting results for M51, and also for the dwarf irregular NGC 4449. In section 2 we discuss how the archival data were processed in order to prepare the Hα maps, and in section 3 we describe the critically important processes of continuum and background subtraction, followed by the derivation of the luminosities, areas, and positions of the regions. In section 4 we derive the luminosity-radius relations and the luminosity functions for both galaxies and the diameter distribution for M51, and in section 5 we offer a discussion and our conclusions.
Observations, and basic data reduction

Basic processing
The images of M51 (NGC 5194) and its companion NGC 5195 were observed with the wide field camera of the ACS on HST in January 2005 within the program 10452 (PI: Steve Beckwith, Hubble Heritage Team). The observations consisted of 6 pointings through two broad band filters: F555W (close to standard V ), and F814W (close to I), and a narrow band Hα filter, F658N. The exposures per pointing were 340s, 340s, and 680s for the three filters, respectively. The observations used here, taken from the HST archive, were corrected, calibrated, and combined by Mutchler et al. (2005) .
The images of NGC4449 were also taken from the HST archive. They were taken during November 2005 through the same filters as those used for M51, within the program GO 10585 (PI: Alessandra Aloisi). The exposures were taken at two different pointings along the axis of the galaxy, with four exposures per filter at each pointing, dithered to optimize the removal of cosmic rays and bad pixels, and to allow an improved determination of the point spread function. The total, integrated exposure times for the three filters, after combining the images using MULTIDRIZZLE (Koekemoer et al. 2002) were 2400s, 2000s, and 360s respectively, in V , I, and Hα. The total area imaged on the galaxy is 340×200 arcsec 2 , with pixels of 0.05 arcsec.
The archive data were processed on-the-fly, correcting for bias and dark current, flat-fielding, and correcting for non-linear effects using the standard pipeline calibration for ACS (CALACS, Hack et al (2000) ). The images were also corrected for detector defects using MULTIDRIZZLE, which also corrects each image for the distortion associated with each filter, and can then be used to combine images, and take out cosmic rays. For M51, these processes were performed by Mutchler et al. (2005) , but for NGC 4449 they were carried out by ourselves, with the help of IRAF, which was employed to combine all the images for a given pointing and a given filter into single images before joining them in a mosaic to take in the whole galaxy. This was done by making use of the overlap zone in the pointings (∼ 30 × 200 arcsec 2 ). The alignment errors were less than 0.3 pixels in any direction, which we derived from the differences in the centroids of the positions of the stars used for positional calibration.
Images processed with MULTIDRIZZLE contain the signal in units of electrons/sec, and from the image headers one can find the sensitivity conversion factor, PHOTFLAM, defined as the mean flux F (units of erg cm −2 s −1Å−1 ), which yield 1 count per second in the observing mode used. Any gain differences between the ACS detectors are already accounted for by the photometric correction, so that to obtain a calibrated image in erg s −1 cm −2Å−1 one simply multiplies by the constant factor PHOTFLAM. To convert this flux image into an HST magnitude one uses the expression m = −2.5 × log 10 (F ) + P HOT ZP T
where the value of PHOTZPT is the zero point on the ST magnitude scale, and is usually listed in the image header, but can also be found on the ACS website (http://www.stsci.edu/hst/acs/analysis/ zeropoints). We list in Table 1 the values of PHOTFLAM and ZPT for the three filters used (Sirianni et al. 2005) .
3. The HII region Hα luminosities
Continuum and background subtractions
Once all the images had been aligned we could subtract the continuum contribution to the total fluxes in the Hα images, to isolate the flux from the emission line itself. Since we did not have a narrow band continuum image close to Hα, we used a weighted combination of the V and I images, deriving the proportions of each by minimizing the residuals of the stellar images when the subtraction of the weighted continuum from the Hα image had been effected. The combined image chosen for the final subtraction comprised 15% of the I image and 85% of the V image. The factor by which this combined V I continuum image had to be multiplied before the subtraction in order to produce an image in Hα flux alone was found, using a method developed by Böker et al. (1999) and used by Knapen et al. (2004) . This consists in plotting the intensity in the Hα image, pixel by pixel, against the corresponding intensity in the continuum image. An example of this process is shown in Fig. 1 where we used the original Hα image and the weighted sum of the V and I continuum images. As most of the pixels do not contain any signal due to Hα, the majority of points in the plot lie on a straight line, with low scatter, whose slope gives the constant of proportionality for the continuum subtraction. The continuum-subtracted Hα image is then produced by subtracting the continuum image, multiplied by this constant, from the original Hα image.
It is possible that the signal from the F555W filter (V ) includes some contamination from strong emission lines, of which [Oiii] λ5007 is the strongest, because the filter transmission for that redshifted line is near maximum. However, the spectroscopic measurements made by Bresolin et al. (2004) on 10 Hii regions in M51 show that the [Oiii] line emission ranges from 1.6% to 56% of the Hα emission with an average fraction of 14%. On the other hand, the surface brightness in the F555W filter on the Hii regions is, on average, ∼3 times that in F658N, measured on our images. So, we can infer that the emission in [Oiii] λ5007 is on average 5% of the continuum (with a maximum fraction of 1/6th). Taking into account that in the calibration process we found that the ratio of the off-band continuum to the on-band line+continuum intensities is ∼0.06, we consider that we need not be worried about significant over-subtraction of the continuum due to the [Oiii] emission, which would make a mean contribution of order 0.3% (maximum 1%) of the total signal.
Once the Hα flux map had been obtained, we went on to determine the luminosities of the individual Hii regions. The difficulty here lies in effecting a valid separation of the region from its surrounding background, and above all from any overlapping regions. To separate partially overlapping regions, we opted to count as two regions those whose brightness distribution between the two central maxima dipped below 2/3 of the central brightness of the fainter of the two regions, while those which did not satisfy this criterion were treated as single regions. This process was unambiguous for most cases. For the special cases of regions old enough for their centers to have been blown outwards to the extent that their brightness distributions are annular (i.e. we are looking at expanding shells), we considered such objects as single regions.
As far as the background is concerned we had to carry out the following process: define the boundary of each region, determine a value for the Hα background in the surrounding zone, and subtract this value from each pixel of the defined Hii region before integrating the remaining flux over all the pixels to give the total flux for the region. The Hα background is due to the emission of the diffuse warm ionized gas surrounding the region, and this procedure assumes that this pervades the disk, in such a way that along the line of sight to an Hii region we see the combined effect of emission from the region and from the diffuse gas. This assumption, and other rival assumptions, are discussed in detail in Zurita et al. (2004) , who reach the conclusion that it is difficult to do better than this, even though the assumption may not give a perfect description of the local morphology. The two images were first registered in position to a fraction of a pixel (some 0.3 pix) taking bright stars for refereence. In order not to overcrowd the plot we use a 1000 x 400 pixel portion of the galaxy to derive it.
For M51 we determined the background in rings around the outside of the diaphragm used to determine the Hii region flux. After trials, in which the ring width was varied between 2 and 5 pixels we found that the difference in estimated background, defined as the median flux value per pixel over the ring, varied by no more than 12%, and we confined our measurements to rings of width 2 pixels, before subtracting this value from the pixels of the region, and integrating to give the total flux over each region. For NGC 4449 the task was more complex due to the presence of strong diffuse emission, which had significant gradients, and we opted to make a map of the diffuse emission and correct for it before subtracting the local backgrounds. We designed a selective filter to do this, since we had previously determined that a median filter tended to yield backgrounds which were too strong, and whose subtraction led to underestimates of the Hii region fluxes. We used boxes of 101 pixels on the side, and to estimate the background within a box we first calculated the median value, then discarded the pixels in the upper and lower 5% flux ranges, and then tested to see whether the fluxes in all the pixels below the median were within a 3σ limit (we had previously determined the standard deviation σ in a zone which did not contain Hii regions). If this test was not satisfied, the program reduced the percentile progressively until the pixel fluxes did satisfy the criterion, down to a limiting 10 percentile. Finally the program computed an image which gave an excellent fit to the diffuse background, and we could make the appropriate subtraction systematically. In Fig. 2 we show a scan across a typical zone of the galaxy with one major Hii region and several minor regions (see Fig. 3 ), to which we had applied a median filter correction (dotted line), and a correction using the selective filter (solid line), which demonstrates the value of our method. So our final procedure for this galaxy was to use our selective filter to filter out the large scale features corresponding to the diffuse background, and then subtract off the local background flux from each region, as described briefly below.
The luminosities, areas, and positions of the population of HII regions
The flux within an Hii region is derived by integrating the intensity over all those contiguous pixels making a continuous object, whose intensity is greater than three times the rms scatter of the local background. From this integrated value we then subtract off the product of the number of pixels so sampled by the flux value per pixel of the local background. These fluxes were converted from electrons s −1 to erg s −1 cm −2 using PHOT-FLAM as described above, and using the best estimated distances to M51 or to NGC 4449 we could convert these values to absolute luminosity in erg s −1 for a given Hii region. After considering and comparing the values of the distance to M51 by a number of authors, we selected the distance to M51 given by Feldmeier et al. (1997) of 8.39 Mpc, based on the luminosity function of its planetary nebulae, as the most reliable. This measurement, together with that of Tonry et al. (2001) using surface brightness fluctuations on NGC 5195, with which it agrees within the limits of their errors, gives the lowest scatter and systematic errors of the techniques published to date for this observation. At this distance, the scale of the image is equivalent to 2.03 pc pixel −1 . For NGC 4449 we have used a distance of 3.82 Mpc from Annibali et al. (2008) who used the tip of the red giant branch. This value is the most accurate one published so far, and is also in fair agreement with the results of Karachentsev et al. (2003) , who used the same technique, but gave wider error bars. At this distance the image scale is 0.93 pc pixel −1 . From the flux measurements we could also derive an area A for each Hii region, multiplying the area per pixel by the number of pixels counted as part of the region as defined above, and we could then measure an equivalent radius, R eq , defined by R eq = (A/π). The position of each region was determined by the centroid of the region which was found in rectangular coordinate directions, measured from the galactic nucleus, by taking the flux weighted sum of the coordinate distances of the pixels from the nucleus along each coordinate direction divided by the integrated flux along that direction. For regions in the form of shells this centroid did not, in general, lie within a luminous part of the region, though for the majority of regions it lay close to the visually inspected center.
The luminosities in Hα for the Hii regions had to be corrected for the presence of the [Nii] doublet, λλ6548,6584Å, as the narrow band filter F658N is wide enough to take in both of these emission lines. This cannot be done region by region, but using the detailed measurements for M51 by Bresolin et al. (2004) of the strengths of the two doublet lines in ten regions at distances ranging from 0.19 to 1.04 of the isophotal radius, we find that to use a constant factor, independent of radius, of [Nii] λλ6548,6584 equal to 0.33 (±0.06) found as the mean value of Bresolin et al.´s regions (in agreement with the value used by Hill et al. (1997) ), gives an entirely satisfactory procedure for M51, given the very moderate metallicity gradient found in the disk of that galaxy. For the wavelengths of the two [Nii] doublet lines, and of Hα, redshifted for M51´s recession velocity, the differences in transmission across the F658N filter are less than 1%, and could be neglected. So, the flux measured in F658N was multiplied by 0.67 to give the Hα flux. For the redshift of NGC 4449, however, the transmissions of the filter are 0.730, 0.923, and 0.929, at the wavelengths of the three lines, in ascending wavelength order, respectively, and appropriate corrections had to be applied. From Osterbrock (1989) we know that [Nii]λ6548/[Nii]λ6584 = 0.33 and for NGC 4449 we find from Kennicutt (1992) that [Nii] λ6584/Hα =0.12. Making the transmission corrections we deduce that the flux measured in F658N should be multiplied by 0.862 to give the Hα flux. This single factor is deemed adequate given that the metallicity measured close to the nucleus by Böker et al. (2001) is in agreement with the metallicity in the disk measured by Lisenfeld & Ferrara (1998) within the limits of their mutual errors.
We have described in this section the derivations of the Hα luminosities, equivalent radii, and positions of the Hii regions measured in M51 and NGC 4449. These are listed in Tables 3a and 4a in the on-line version of this article in the journal, and the data for the 50 most luminous regions in each galaxy is listed here in Tables 3 and 4 4. Basic physical properties of the populations of HII regions in the two galaxies, as derived from their Hα emission 4.1. The luminosity-volume relations
In Fig. 4 we have plotted the distribution of the radii of the Hii regions in M51 against their Hα luminosities, using the data tabulated in Table   3a (on-line version of the Journal). In this loglog plot we can see that there is a reasonable first order straight line fit to this large collection of data points, which takes the form: log(L Hα ) = 1.92log(R eq ) + 34.55 (2) where R eq is the equivalent radius of the Hii region defined above. A more accurate fit to the distribution is given by the quadratic expression log(L Hα ) = 35.35+0.78log(R eq )+0.40(log(R eq )) 2 (3) We know that if Hii regions were spherical and with uniform density, the fit should be linear and have slope 3, in accordance with "Case B" of Osterbrock (1989) , (or indeed with the classical model of Strömgren 1939) , as given by the relation:
where N H is the density of the hydrogen in the region in atoms cm −3 , which we assume to be equal to the electron density n e , α B is the recombination coefficient for all the excited levels of hydrogen, and λ Hα is 6563Å. A part of the discrepancy between prediction and observation may be due to the fact that a fraction of the luminosity of the smaller regions is buried in the noise, so that the slope of the relation should (and does) increase somewhat with increasing luminosity. However the basic difference cannot be explained in this way, and we will return to this point in a later section of the paper. If we do take the expression in Eq. 4 as valid, we can calculate an equivalent mean electron density, which varies between 1 and 30 cm −3 with a mean value n e close to 6 cm −3 . In Fig. 5 we show the plot of equivalent radius against Hα luminosity for the population of the Hii regions of NGC 4449. The best linear fit to the points is given by: log (L Hα ) = 2.09 log R eq + 34.99
and a more accurate fit is given by the quadratic expression: Fig. 4 .-Relation between the logarithm of the Hα luminosity in erg s −1 and R eq in parsec on logarithmic scales, for the measured Hii regions of M51. The solid line shows the best linear fit to the distribution log(L Hα ) = 1.924×log(R eq )+34.550 and the dotted line the even better second order fit log(L Hα ) = 35.35 + 0.78×log(R eq ) + 0.40 × (log(R eq )) 2 . Error bars are plotted for a random selection of 150 of the Hii regions (including more error bars would lead to a diagram too confused for ready interpretation). In general the uncertainties in determining the areas of the regions are, as seen, greater than those found in the measurements of their luminosities, because the major fraction of the luminosity is concentrated in the center of each region.
log(L(Hα)) = 35.41+1.26 log(R eq )+0.38(log(R eq )) 2 (6) These expressions are very similar to those for M51, and in particular for both galaxies the luminosities in Hα vary as the square of the radii of the regions (see Eqs. 2 and 5) rather than as the cube, which would be predicted from standard models of Hii regions.
The luminosity functions of the HII regions in both galaxies
In Fig. 6 we show the luminosity function of the Hii regions in M51, plotted as the log of the number of regions in bins of width 0.2 dex in luminosity against the log of the luminosity itself. We have fitted a power law fit to the declining portion of the function towards high luminosities, using the equation:
where N (L)dL is the number of Hii regions with luminosities in the interval between L and L + dL (see Kennicutt et al. 1989 ). The slope of this straight line fit in the log-log diagram is -0.793, which implies that α = -1.793, because the luminosity function is plotted with logarithmic bins, whereas the slope α is defined via the differential function in Eq. 7 with linear bins. The interval over which we have determined α in Fig. 6 is from log(L) = 37.2, to log(L) = 39.2 , i.e. a hundredfold interval in luminosity. Below the lower limit the function is incomplete for S:N considerations, and above the upper limit the function becomes uncertain due to the paucity of the statistics. We next effect a separation of the Hii regions in the arms from those in the interarm zones. To do this we made a mask using the I image, and after applying a median spatial filter, using a 10×10 arcsec box, to reduce local effects of dust structure, we then binned into 10×10 pixel bins to reduce the computational load, and finally, using a PA of 26
• and an inclination of 42
• (Bersier et al. 1994) , we fitted an artificial exponential disk to the galaxy in such a way that 50% of the light from the galaxy disk lay above this disk, and 50% below it. To assign regions to the arms or interarm zones we set a mask such that the part of the galaxy above this discriminating exponential was set to unity (the arms) and the rest of the galaxy set to zero (the interarm zones). As the galaxy is deformed by its interaction with NGC 5195 we had to make manual corrections to the mask for those (relatively small) outer parts of the galaxy where the single exponential fit was clearly inadequate. To illustrate our results we show, in Fig.  8 , the distribution of the Hii regions in the two spiral arms, plotted in polar coordinates on the deprojected image of the disk. In Fig. 9 we show the luminosity functions of the arm Hii regions, the interarm regions and, for comparison, of the full population, which is the same as the plot in Fig. 6 . In total we measured luminosities for 1966 regions in the arms, or within the crowded zone within 1 kpc of the galaxy center, and 693 regions in the interarm zones. The integrated luminosity of all the regions in the arms and in the central 1 kpc is 1.25×10
41 erg s −1 (90% of the total) and the integrated luminosity of the interarm Hii regions is 1.37×10 40 erg s −1 (some 10% of the total). If we exclude the central 1 kpc the integrated luminosity of the regions in the arms is 1.18×10
41 erg s −1 , some 85% of the total.
We note that the population of the interarm zones is lacking in Hii regions in the high luminosity range. There are several possible explanations for this. One of them is that the mean age of the regions in the interarm zones is greater than the mean age of the regions in the arms, but this scenario appears improbable, because the only way we could envisage this is that the interarm Hii regions are the result of the migration of regions formed within the arms, so that the greater distances from the formation sites imply greater ages. However the numbers do not work out well here, since a characteristic lifetime for Lyman continuum emission in regions in the upper luminosity range is of order 3×10 6 years, while the migration timescales implied are of order 3×10 7 years. Another possibility is that in the arms we are seeing crowded regions so that the larger regions represent the overlapping of more than one region, a phenomenon which is infrequent in the interarm zones. However the evidence from Relaño et al. (2005) , who obtained two dimensional velocity mapping of complete Hii region populations in galaxies using Fabry-Perot interferometry, and were thus able to separate the contri- −1 and R eq in parsec, also logarithmic, for the measured Hii regions in NGC 4449. The solid line shows the best linear fit to the distribution log(L Hα ) = 2.096×log(R eq ) + 34.99, and the dotted line shows the even better second order fit log(L Hα ) = 35.41 + 1.26×log(R eq ) + 0.38 × (log(R eq )) 2 . As in Fig. 4 , error bars are plotted for a random selection of 50 Hii regions. Fig. 6 , where the falling portion at high luminosity has been represented by two linear fits, with a break point at luminosity 38.51 (±0.10) dex. • for the inclination, and 26
• for the position angle of the major axis, respectively. The Hii regions in the central 1 kpc zone were omitted from the plot. butions of separate Hii regions subsumed into a major region, shows that in general the luminosity contribution of the smaller regions does not attain 30% of the total integrated luminosity of the composite region. This is much less than the order of magnitude difference between the most luminous arm regions and the most luminous interarm regions. So, the most probable reason for the difference is that the upper end of the main sequence in OB stars is more highly populated in the arms, because the placental cloud masses there are higher. But this would be an interesting point to pursue using observations of galaxies more local than M51.
In Fig. 10 we show the luminosity function of the Hii regions measured in NGC 4449. The technique used was the same as that for M51 and needs little further description here. We can see that within the range of luminosity from log(L) = 37.0 to log(L) = 38.5 dex (original units in erg s −1 ) a power law fits the function quite well. The slope, α, of this function has the value -1.43, which is slightly less negative that the mean value given by Kennicutt et al. (1989) for irregular galaxies, of -1.7, but differs by almost 0.5 from the values for NGC 4449 given by Fuentes-Masip et al. (2000) , and by Valdez- Gutiérrez et al. (2002) . FuentesMassip et al. acknowledge that their result, based on the analysis of only 44 Hii regions, is not statistically firm, and we consider that ValdezGutiérrez et al. were measuring blended regions (their data were from ground based observations) because their fit is to regions with luminosities greater than 38.6 dex, but we find only one region with a higher luminosity than this. In Table  2 we show how varying the bin size of the luminosity function changes the value of α, where we can see that changing the bin size over the range indicated does not have a major effect on the value of α, and we finally selected the size which gave us the largest coefficient of determination, i.e. 0.3 dex in log(L). The integrated luminosity of the Hii regions measured in NCC4449 is 1.45×10 40 erg s −1 , which is only 46% of the total Hα luminosity of the whole galaxy. The integrated luminosity of the identified filamentary emission not counted as coming from Hii regions is only 3.74×10 38 erg s −1 , which is only 1.2% of the total. The remaining 53% is emitted as diffuse emission, and our value agrees very well with that of Kennicutt et al. (1989) who give 52%. Of this diffuse emission a little less than a half (44%) is the underlying diffuse emission associated with the Hii regions, which we mentioned above. It is interesting to note here that in their detailed study of the diffuse emission in six local spirals, Zurita et al. (2004) found that a good "rule of thumb" is that approximately one half of the Hα emitted by a normal mid-type (Sb or Sc) spiral comes from the diffuse component, and the other half from the Hii regions.
The break in the luminosity function
We note in Fig. 7 that the falling portion luminosity function of M51 at high luminosity could be well represented by a double linear fit, with a break point at luminosity 38.48 (±0.11) dex. The single fit described above has a coefficient of determination R 2 of 0.987, while the double fit gives a coefficient of determination R 2 of 0.984 1 , which does not indicate that the double line fit is superior. The break is, however, defined more cleanly in the cumulative luminosity function, which we show here in Fig. 11 . Breaks of this kind were first noted by Kennicutt et al. (1989) who gave an estimated value for the break luminosity at L(Hα) = 38.7. They suggested, as did Rand (1992) in his article on M51, and Beckman et al. (2000) that any galaxy would show the break, provided that it contained a sufficient number of Hii regions of high luminosity. The latter authors termed the luminosity at the break the "Strömgren Luminosity". Rand (1992) found a value for this luminosity of L(Hα) = 38.6 dex and Bradley et al. (2006) in a study where they produced a summed luminosity function for almost 18,000 Hii regions in 57 galaxies derived exactly the same value for the luminosity of the break point.
In order to see to what extent the value of the break point is affected by the bin size, we plotted the derived values against bin size, as shown in Fig. 12 and as complementary information the slopes of the shallower and steeper parts of the gradient, also against bin size, in Fig. 13 . We can see that there is considerable stability in the value of the break luminosity for bins up to 0.28 dex in width, and a similar result holds for the Table 2 : We show here the value of the exponent α for the power law adjusted to the luminosity function of the Hii regions of NGC 4449 as a function of the bin used. We also show the value of the coefficient of determination. The coefficient of determination has been calculated here simply as R 2 , the square of the correlation coefficient between the actual values and the adjusted function. The values vary from 0 to 1. slopes. Taking the values for the break luminosity in the range of bin width from 0.1 dex to 0.28 dex we find a value for the "Strömgren Luminosity" of 38.52 (±0.14) dex. Comparing our luminosity function with the very carefully measured ground based function of Rand (1992) , we can see that the principal difference is that our sample is complete down to lower luminosities, and that we detect a larger number of small regions due to the superior resolution in the ACS images, all of which is as expected. Our study covers a slightly different fraction of the galaxy to that of Rand (the ACS mosaic does not include the southernmost portion of the galaxy, but given the improved resolution of our data we did not need to cut out such a large radial portion of the galaxy near the center to take care of crowding), which is sufficient reason for the small discrepancy in the value of the break luminosity, though this is within mutual error limits.
For NGC 4449 it is not possible to make a meaningful determination of a break luminosity, because of the paucity of high luminosity Hii regions, in an object which is much smaller and less massive than M51 (there are ten times fewer regions in NGC 4449). We can see in Fig. 6 that above log(L) = 38.52, the value of our break luminosity in M51, there is a sharp fall-off in the Hii region population of NGC 4449 too, although the numbers are too small to merit a statistical treatment.
The diameter distribution for M51
In Fig. 14 we show the cumulative distribution of Hii region diameters for M51, defined as the sum of the numbers of regions with diameter greater than the plotted value. We have followed the functional form suggested first by van den Bergh (1981) : N = N 0 exp {−(D/D 0 )} where N is the integrated number of regions with diameters D or greater, and N 0 and D 0 are constants which quantify the distribution. In M51 the range of diameters for the regions measured goes from 8.3 pc to 530 pc with a median value of 37.6 pc. If we fit a single function of this form to the points in Fig. 14 we find D 0 = 81.4 pc and N 0 = 2006. However, as shown in the figure, we find a better fit by combining two curves of the same form, and in that case, for the curve which fits best in the range D < 120 pc the parameters found are D 0 = 41.1 pc and N 0 = 3950 while for D > 120 pc the corresponding parameter values are D 0 = 108.3 pc while N 0 = 556. This graph suggests the possible presence of two population regimes. Following our discussion of the break in the luminosity function, we could envisage the break point between the curves as possibly marking the difference between Hii regions which are genuinely single, being ionized by a single OB cluster (the range of diameters approaching 120 pc corresponds to regions which are far too bright and large to be produced by even the most massive single star) and those which are compound, containing gas ionized by more than one cluster. Another possible explanation is that the high luminosity curve represents exclusively the Hii regions in the arms, while the lower luminosity curve represents the arm population with the addition of the regions in the interarm population. However, seeing Fig. 15 , where we plot the cumululative distribution of Hii region diameters separating the regions in the arms, in the interarms and in the 1 kpc central zone, we can conclude that this is unlikely. The fact that the break feature appears in the interarm regions as well as in the arm regions seems to low the possibility that exist a population in the arm and another in the interarm. 
Discussion
Among the more interesting results presented in this article is the dependence of the Hα luminosity of the Hii regions, in both galaxies studied, on the square of the radius of the region, at least to zero order. This result is in conflict with the classical theory of the Strömgren sphere or similar models, which predict that for regions of constant gas density the luminosity would be proportional to the cube of the radius, and in this context the simplest way to account for the result is to assume that the mean density of an Hii region is inversely proportional to the square root of its luminosity. In fact an equivalent result was derived in a previous article, Gutiérrez & Beckman (2010) using the mean electron density of a region as a measure of the mean density of the region. This global interpretation is strengthened by the measured dependence of the mean electron density of the Hii regions on galactocentric radius (Gutiérrez & Beckman 2010) , which is a falling exponential with scale length equivalent to that of the neutral gas component. This demonstrates that, globally, the Hii region population is in pressure equilibrium with its local gas column in the disk, so that the electron density is a useful indicator of the overall mean density of an Hii region. However there is good evidence (Oey & Kennicutt 1997; Relaño et al. 2002 ) that a significant fraction of the Lyman continuum photons produced by the OB stars within the most luminous Hii regions escape into the surrounding diffuse gas, an inference which is at least partially supported by the fraction of Hα emitted by the diffuse ISM in NGC 4449 in the present article. This implies that a simple model for an Hii region with uniform density is not satisfactory, as is in any case known from the difference between the local electron density, measured from emission line ratios, and the global mean electron density, measured using the Hα luminosity and the radius. The factor of an order of magnitude between the two densities is classically explained (Osterbrock & Flather 1959) in terms of clumpy structure, with high density clumps producing the majority of the emission.
The fractional volume occupied by the clumps, the "filling factor" is routinely used in calculations of radiation balance and abundance determination in Hii regions. Any realistic model to explain the luminosity volume relation must take this inhomogeneous structure into account.
A simple physical scheme would work as follows. If, at a given galactocentric radius the Hii regions are in quasi-pressure equilibrium, but the mean density varies as 1/R 1/2 this implies that the mean temperature varies as R 1/2 , which means that for a given luminosity L the temperature varies as L 1/4 . The more luminous the region the more it is heated and the higher its internal gas temperature, though for a factor of 10 rise in luminosity this amounts to a factor of only 1.78 in kinetic temperature of the gas. As a consequence of this the more luminous regions are more tenuous, and the mean spacing between clumps will grow, and the low interclump gas density will fall, which leads to an increase in photon escape from the region. It may well be possible to quantify this scenario further, but we must defer this until the effects of dust extinction on all of the radiative processes involved can be quantified, which is beyond the scope of the present article.
Conclusions
We have used observations of two low redshift galaxies, M51 and NGC 4449, with the ACS on HST to quantify some of the principal physical characteristics of their populations of Hii regions. For both galaxies we have produced catalogs of the luminosities in Hα, the projected areas, and center positions of the Hii regions. For M51 the catalog contains 2659 regions, as the resolution and image quality of HST have allowed us to make a significant advance over previous ground based studies. Our catalog goes down 0.6 dex in luminosity compared to the detailed ground based study by Rand (1992) , and the number of regions measured is greater by a factor 4. For NGC 4449 we analyzed the emission from 273 regions, which is not in fact a striking quantitative advance on ground-based catalogs (see e.g. Sabbadin & Bianchini 1979) in this much less massive object with far fewer regions. From our databases we have derived the luminosity-volume (or luminosity-radius) relations for the regions of each galaxy, finding that in both cases the luminosity varies as the 2/3 power of the volume, (i.e. as the square of the radius) of the region. For a set of Hii regions with constant uniform density the relation between luminosity and volume would have been linear. We can account for our result if the Hii regions are globally in quasi pressure equilibrium with their surroundings, so that the mean electron density of a large and luminous region is less than that in a smaller less luminous region, because the mean temperature of the gas is larger in the former case. We have presented evidence for pressure equilibrium previously (Gutiérrez & Beckman 2010) , as the measured electron density in the Hii regions of our two measured galaxies varies with galactocentric distance with the same scale length as the neutral hydrogen, which would be the case for systems in pressure equilibrium. So there is a coherent qualitative explanation for the observed luminosityvolume relation, but a quantitative explanation for the simple relation found must await a more complete modelling exercise.
We also present luminosity functions for the Hii regions of both galaxies. Above the completeness limit, both functions show, to zero order approximation, a classical falling exponential. For M51 there is clear evidence for a break in the exponential, at a luminosity of log(L) = 38.51 (units in erg s −1 ) with a steeper fall to higher luminosities confirming the previous finding by Rand (1992) . The luminosity function for the interarm regions alone barely shows evidence for this break, but the number of highly luminous regions in this function is so small that it is not possible to state that the function is really distinct in form from the overall function for the galaxy, or from the function for the regions in the arms. For NGC 4449 there is also a steepening of the luminosity function above 38.5 dex, but here again the numbers of regions are too small to show whether this is a physical effect or merely a statistical effect. Explanations for the broken exponential, which has been reported previously in a number of papers, notably in Kennicutt et al. (1989) , have included the blending of Hii regions such that the largest regions absorb the smaller surrounding population (Pleuss, Heller, & Fricke 2000) and the increasing escape of ionizing photons from the larger regions . The first hypothesis does yield a broken exponential but when developed in due detail predicts a shallower outer slope rather than the steeper slope observed. The evidence presented here that the more luminous a region the lower is its electron density does give some indirect support to the second hypothesis, but further work, notably incorporating the effects of dust extinction on the ionizing photon budget, will be needed to clarify the situation.
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